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a preferred embodiment of the Invention; and 

Fig. 7 is a side view showing another embodiment of the invention. 

There are now follows a description of preferred embodiments of the invention shown In the accom- 
panying drawings. 

5 Fig. 1 shows a basic ink jet print head of the Invention, and Rg. 2. an exemplary printer in which the 

print head of Fig. 1 is employed. 

In these figures, an ink jet print head 1 . which is a feature of the invention, is earned on a carriage 2 

that axially shuttles along the circumferential surface of a platen 3 so that an image to be recorcJed is 

printed on a recording mediums In accordance with recorded data. 
10 This ini< Jet print head 1 includes a casing 11 containing ink therein, a base plate 12 fixed on an Inner 

surface of the casing 11. a supporting body 13 serving both as an electric connection with a piezoelectric 

vibrating element 16 and as a fulcrum of the piezoelectric vibrating element 15. a plurality of piezoelectric 

vibrating elements 15 whose base portions are fixed on tiie supporting body 13 through an adhesive 14. 

and a nozzle plate 17 which fixes tiie base portion of the piezoelectric vibrating elements 15 by clamping 
75 between tiie supporting body 13 and itself. The nozzle plate 17, in, particular, supports each piezoelectric 

vibrating element 15 by canrying part of its base portion which is positioned a distance d backward of the 

front and edge 13a of the supporting body 13 with an adhesive 16 serving to provide a nozzle gap 5, as will 

be described later. 

Reference numeral 17a designates a nozzle on the nozzle plate 17 disposed so as to confront tiie free 
20 end of each piezoelectric vibrating element 15. and reference numeral 19 indicates a lead. 

Each piezoelectric vibrating element 15 Is cantilevered in that Its base portion is supported by the front 
end edge 13a of the supporting body 13. Also, each piezoelectric vibrating element 15 has a laminated 
structure of a metal thin plate 15a and a piezoelectric ceramic member 15b. each having a different linear 
expansion coefficient Thus, each piezoelectric vibrating element 15 is deformed in tiie manner of a 
25 cantilevered bimetal strip as its temperature varies. 

Such deformation can be assumed to be that of a cantilever in which a unifonm stress <y, i.e., a uniform 
bending moment M, acts upon a portion between tine fulcrum and the free end of the piezoelectric vibrating 
element 15. Therefore, for a simple cantilever having its base end supported as shown in Rg. 3(b), the 
maximum moment M'^ax and maximum deflection v'^ax between the base end portion of the piezoelectric 
30 vibrating element and the vicinity thereof confronting the nozzle, i.e., the free end portion of the cantilever, 
are as follows: 
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SO 


«Sf' ^ = itf . . . ( 1 ) 

wherein E represents an elastic modulus of the cantilever, and I represents a geometrical moment of Inertia 
of the cantilever. 

However, as described previously, the piezoelectric element 15 is fixed by clamping by the nozzle plate 
17 at a point tiie distance d backward of its fulcrum, so that an initial countenftreight W acts tiiereupon. 
Thus, as shown In Rg. 3(a). a maximum moment Mmax which acts upon tiie fulcrum receiving tiie 
counterweight W Is calculated as follows: 
Wm«c-M+VVflf (3) 

The second differential of the deflection curve of the cantilever by W is proportional to the bending 
moment The inclination of tiie fulcrum, being proportional to the first integral of the bending moment, is 
expressed, using a coefficient K, as follows: 


55 Hence, the maximum deflection at Its free end is obtained as follows: 
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20 

Of tH?Si1n? JCeStX^^^^^^^^^ the piezoeiectHc vib,B«ng element 15. dafiection 

With further distancing Ss adhestr^erooin ^".^ ^l"''"^ *° P'"*'^^ 

This means that eveH a dIfeS h-^!. ^"'^ °' ^PP°'«"9 "ody 13 

^ elements 15 at the tIrS L ieSn ofT ^''^^^^''^^^'^ «ach of the piezoelectric vibrating 
nozzle Diate 17 i^^ H rr,^. T ° . '"^ P'«^°«'sctnc vibrating element 15 is assembled onto the 
can be canceled XL ZT^^LT^TT^ "^'"t^ *° °' '"^"^ distortion 

unifom,Iy distanced gap c^^ thu^^L f^ZTfo^ Tih T *^ '"'"^ counterweight W. and that a 

has been cooled to ambieTtTemf^ra^rJ L S^f^^ ^'^'"^"^ ^^-^bly 

30 element 15 can be substantiSy i J^^Z ^ ^ Reformation of the piezoelectric vibrating 

40- C or so in case of us^iqlTnk * ""^"P^ '° ^ temperature of 

iso-^sr&Tmrjrby^'r^^^^ 

.n length composed of Invar having a iSnear e^^anif^eSt zSf 1^^^^^^^ T'^^^" ' 

urn. The base portion of tiie Diezoeleetrir «ihr»«„« -i ""'""^"1 or x lo (i/K) and a thickness of 100 
250'C. As shown in l=ta T^lT^mZt?, T *° P'^^ by heating it to 

supporting body 13 toVeZZlw^TJnVo7Z SLTT 'k ""^ ^^a % the 

variation in nozzle gap J becomr7wS^o fouS SlT* "^'^"^ ^'^""^"^ ^'"a'te^ *e 

supporting body 13. However, S fe ^m'fro^ t^^L ^ f T""^ '"^ «<='9^ °f *e 

such a stress concentration a^b^nT^L^etec^fc I^^^ ""^ ^^""^^ 

the adhesively fixed point on the basTporn ~ ""'^^''^ ^►^'"•"S 

depending on the linear expansion coe^^^froftSfr;L?.T- T""^ f""*" '"^y ^ « 

so member 15b and tiie lamination SaSmert Tn wh!^h « ? "^'^^ ^"'^ Piezoelectric ceramic 
due to tfiermal distortion in a diSn ™LTn^'l^^^^ P'ezoelectric vibrating element 15 is deformed 
theadhesion force of tiie adheJ^^fs aSnTfZ^.T^ ^ l^' '"'^ ^ 

elevating the base portion of thTpieLS l!^„^^ .Tc^ ^ countenveight W. contributes to 
can be obtained. P'ezoelectnc vibratng element 1 5. As a result, the same effect as above 

on ^ei^i^Z^^^' " «-"P'« °f the Invention having a construction based 
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serving both as a conductor for selectively making connection to each piezo lectric vibrating lement 25 
and as its fulcrum, Is formed as an electroconductive circuit pattern accurately etched by photolithography 
on the insulating layer 22a. Particularly, the supporting body 23 Is accurately constructed so that its front 
end edge 23a can function as a fulcrum of the piezoelectric vibrating element 25. Also, the supporting body 
5 23 is made thick enough to protect the effective length of the piezoelectric vibrating element 25 from any 
run-off of excess adhesive 24. Thus, the thickness of the supporting body 23 is detemnined in consideration 
of the thickness of the adhesive 24 which is to be applied thereon. Thus, thicknesses at least in excess of 
the thickness of the adhesive 24 are required, as shown In Table 1 . 

10 Table 1 
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20 


Thickness of 

adhesive 

(um) 

Thickness of 
supporting body 
(urn) 

Stability of 
fixed end 

20 

5 

X 

15 

A 

40 

O 

30 

5 

X 

15 

X 

40 

O 

O - Very Stable 

A - Poor in some cases 

X - Unstable 


The bar-like piezoelectric vibrating element 25, fornied in multiplicity and fixed on the supporting body 
23 through the adhesive 24 having electroconductive particles 24a mixed therein, is a three-layered 
member composed of a metal thin plate 25a made of an iron-Nl alloy, a piezoelectric member 25b, and a 
thin film 25c made of a metal such as gold, and is electrically connected to the supporting body 23 flirough 
the metal thin film 25c and the electroconductive particles 24a. 

A nozzle plate 27, which is disposed on each piezoelectric vibrating element 25 with a predetermined 
nozzle gap fi provided through an adhesive 26 having gap forming particles 26a therein, has an array of 
nozzles 27a confronting the free ends of respective ones of the piezoelectric vibrating elements 25. On the 
Inner surface of the base portion thereof, a single groove 28 is provided extending from a point the distance 
d backward of the front end edge 23a of the supporting body 23 parallel wi^ the front end edge 23a. The 
flow of the adhesive 26 supplied from the base portion side of the piezoelectric vibrating element 25 is 
restrained by the groove 28 so that a counterweight can be formed the base portion of the piezoelectric 
vibrating element 25*. thereby to* adhesively fix this base portion on the inner surface of the nozzle plate 27. 

In this embodiment, It is ensured that each piezoelectric vibrating element 25 can vibrate property witii 
the accurately formed front end edge 23a of the supporting body 23 as a fulcrum. The vibrating element 25, 
free from any temperature-dependent influence, can also be fixed correctiy on the supporting body 23 the 
distance d backward of tiie front end edge 23a by the adhesive 26 that has been positioned at the groove 
28 of tiie nozzle plate 27 fomntng a meniscus therein. 

An embodiment shown in Rg. 7 involves another technique for positioning tiie front end edge of an 
adhesive 36 a distance d backward of the front end edge 33a of the supporting body 33. 

That is, in \he embodiment of Fig. 7 a tiiin metal plate 35a formed at an uppermost position of each 
piezoelectric vibrating element 35 Is chipped from the base portion thereof, the chipped portion serving as a 
groove 38 for restraining the flow of the adhesive 36. 

Accordingly, ihe flow of the adhesive 36. which is in a fluid state due to its being heated, is checked at 
a point the distance d backward of the front end edge 33a of the supporting body 33, tiiereby to correctly 
adhesively fix th piezo lectric vibrating element 35 on a portion defined by such a point below the nozzle 
plate 37. 

As descrit>ed above, according to the inv ntion. tiie adhesively fixed portion, between each plezoelec- 
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liin ^"^ ^"""'"9 positioned baclwardly of tiie stress concentra- 

ir^'l ? « °^ piezoelectric conversion elements. Therefore, any thermally Induced 

K I?™ r P'^^o®'®^'"^ conversion element will be diffused over the adhesively fixed stress 
s fmm^n„^?r . '5^'" concentration region. This prevents each piezoelectric conversion element 
Iffl deformed thereby contributing to eliminating variations in the noaie gap. which has a strong 
effect upon the ink jetting characteristics. ^ 

fi J"„^'!1!°1^kI'^" °^ ^ construction wherein the adhesively fixed stress acts upon the adhesively 
fixed portion which has been shifted backward of the vibrating fulcrum, temperature^ependent deflection of 

,« n„nr.^°® ?K f 1°"^®'^'°" be limited to the smallest possible amount, thus altowing stable 

TO pnnting quality to be maintained at all times. 

Furthermore, the provision of the groove for positioning the adhesh^e efther on the inner surface of the 
nozzle fomding member or on the surface of the piezoelectric conversion elements confronting the nozzle 
forming member permits the adhesive In liquid state supplied from the tail end portion of the piezoelectric 
conversion elements to be correctly positioned a predetermined distance backward of the fulcrum thereby 
16 preventng inconsistency in printing characteristics between print heads as well. 

Claims 


2S 


30 


li^Jl fX^^ '=°'"P"®'"9= a supporting body (13, 23, 33). a plurality of piezoelectric conveision 

elements (15. 25 35) fixed to said supporting body at base ends thereof in a cantilevered manner such that 
an edge (13a. 23a. 33a) of said supporting body (13. 23,33) acts as a fulcrum of said piezoelectric 

«^ or,"^ ^1!: ^' ^' ^ ^'^^ ^^id piezoelectric conveislon 

^ tfierebetween. and an adhesive (16. 26. 36) for fixing said nozzle plate 

(17, Z7. 37) to said piezoeletric conversion elements (15, 25. 35) at said base ends of said piezoelectric 
conversion elements said adhesive (16. 26. 36) temninatfng such that said gap («) extends inLd of said 
ftilcrum toward said base ends of said piezoelectric conversion elements (15. 25. 35) by a distance (d) 

L?/ ' 5 ^' ""^^^ ^ ^ ^ ^''•^ds the length of a region of 

stress concentraton toward said base ends of said piezoelectric conversion elements (15. 25. 35) frmi said 
to Si^ir^ concentration being caused when said piezoelectric conversion elements are subjected 

3. The Ink jet print head of claim 1 or 2. wherein said distance (d) is at least 0.5mm 
en Piiae J 5? *f P^'"9 ^'^""S- "^^^ « groove (28) for limifing a front 

« vliSf f. lf!l r^T^ '® "^"^ P'^® ^27) at said distance (d) backward of said 

^*f^9 fulcmm toward said base ends of said piezoelectric conversion element (25). said groove (28) 
extending preferably parallel with said edge (23a) of said supporting body (23) 

rt-^U^JHSf * print head according to one of the preceding claims, further comprising a thin metal plate 
Sno«!l ®f said piezoelectric conversion elements (35) on free ends thereof and on a sWe thereof 
40 Scmri; ^ ^'^ ""^ temilnating at least said distance (d) from said 

LIE^^^^®* ^"/oi^f L'' according to one of the preceding claims, further comprising: a base plate (22). an 
Sd SaSg li^r!^^ °" °" ^''^ °* '''' ''''' ^ (23) being Led to 

^"H* ^^^"^ fccording to one of the preceding claims, further comprising a layer of adhesive 
04 24) fixing said piezoelectnc conversion elements (15, 25) to said supporting body (13,23), the thickness 
of said supportng body (13. 23) being greater than the thickness of said layer of adhesive (14 24) 

JTh!,T if ^'^ according to one of the preceding claims, wherein a groove (38) for limiting a front 
end edge of said adhesive (36) is formed in said piezoelectric conversion element (35) at said distance 
backward of said vibrating fulcrum toward said base ends of said piezoeletric conversion eSnente?S? 
said groove (38) extending preferably pai^l with said edge (33a) of Ld supporting body (33 
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FIG. 3(a) 
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FIG, 3(b) 
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FIG. 5 



BNSDOCID: <EP_0427291A1_L> 


8 


European Patent 
ORioe 


EUROPEAN SEARCH REPORT 


AppHeatloR Nembor 


EP 90 12 1506 


DOCUMENTS CONSIDERED TO BE RELEVAN 


Category 


Ciutioii of document with indicstiont ffliere 
of rekvant passages 


Rekvaat 
tod&m 


CLASSfnCAU NOFniE 
APPLICATION aau as I 


EP-/^337429 (SEIKO EPSON CORPORAnOM.) 
^ abstract: figures 4, 10. « 

PATENT ABSTRACTS OF JAPAN 
vol. 14, no. 10 (M"9X7)(39S3) 10 January 90, 
& JP-A-1 257057 (H. KOTO) 13 October 1989, 
^ the whole document * 

DE-A-30Z8404 (NCR CORP.) 
* the whole document * 


1-8. 


1-8, 


B41J2/14 


TECICaiCAL FIELDS 
SEARCHED dot CL5> 


B41J 


Hie present seardi report has been drawn up for an cfalnts 


1 9 


Pteceofseath 

m HAGUE 


Ode flf eoc^ldloq or tU ufsth 

13 FEBRUARY 1991 


m DEN MEERSCHAIir 6 


CATEGORY OF CITED DOCUMENTS 

X : panicQlarljr relevant If taken atone 

Y : pirticnlarty relevant If comUaod irlth anotbcr 

docattent of the same categoiy 
A : leehnotoglcal badLgrouod 
0 : non>mltta disdosore 
P : Intermedtite doeumnit 


T : theory or piindple tndetljring tte Inve&ilon 
E : eailler patent docoment, to paUbhej od, or 

after fhefDIng dale 
D : AKamcnt cited In tlie appflcatioa 
L I docunent dted for oito reasons 

A : nenber of tho same patent lamHy, corresponding 


BNSDOCID: <EP_0427291A1J.> 


EP 0 427 291 A1 




BNSDOCIO: <EP_0427aeiA1TI_> 


7 


FIG. 3(a) 



M 




FIG. 3(b) 


\^ — ft 


T 



FIG. U 


12 


10 


OPTMAL GAP lEjfgL^ 



-I 1 ! 1 1 


-0.1 0 0,1 0-2 0,3 at a.5 

DISTANCE d BETV^EN FULCRUK 
m fIXINQ PQINT (mm] 


BNSDOCID: <EP_0427a9lAlTI,> 


EP fl «7 291 Af 




THIS PAGE BLANK (USPTOi 


